The hypothesis that the prognosis of cardiogenic shock patients is primarily dependent on cardiac pumping reserve was tested in a prospective study of Thus this study showed that haemodynamic evaluation of cardiac reserve can provide objective criteria for predicting outcome in individual patients with cardiogenic shock. The availability of such a prognostic indicator will be invaluable in formulating management plans for these patients.
Patients with cardiogenic shock have a poor prognosis. Reported mortality varies from 73% to 100%.' The diagnosis of cardiogenic shock raises the dilemma of whether or not to resort to aggressive intervention.2 Newer treatments, such as prosthetic ventricles and cardiac transplantation,; can improve the outcome in some patients. Not all patients require these interventions. Can those patients who will survive cardiogenic shock treated medically be identified by a simple physiological test ? The reserve of the cardiac pump is a major determinant of survival in patients with cardiogenic shock. We examined whether cardiac reserve correlated with prognosis.
In cardiogenic shock the basal resting performance of the heart may be appreciably depressed, but if there is sufficient reserve it is likely that the heart will recover and function adequately again. To evaluate cardiac reserve fully the heart has to be stimulated to enhance its performance by increasing the heart rate, preload, and contractility from basal values.
In cardiogenic shock, preload reserve is either fully used (with considerably increased left ventricular filling pressure) or inconsequential (because of the flattened Starling curve). However, in a few patients there may be relative hypovolaemia.6 Careful fluid challenge would show the amount of reserve present; those with limited preload reserve had a poorer prognosis.78 Inotropic and chronotropic stimulation with dobutamine was used to assess cardiac pumping reserve in a group of patients with severe heart failure; the information was of prognostic value. 9 The aim of the present study was to investigate whether similar information about cardiac reserve can be obtained by dobutamine stimulation in patients with cardiogenic shock, after optimalising the preload. A prospective study was conducted to test the hypothesis that in cardiogenic shock the magnitude of cardiac pumping reserve is predictive of outcome.
Patients and methods

PATIENTS
We studied patients admitted to the coronary care unit in East Birmingham Hospital between September 1984 and June 1986 with clinical manifestations of cardiogenic shock. All patients who fulfilled the selection criteria described below were included. The syndrome of shock was diagnosed according to Cohn's criteria.1o All the patients had at least two of the clinical features of shock: oliguria with urine output < 20 ml/hour, cool moist skin, auscultatory systolic blood pressure < 90 mm Hg, obtunded mental state, metabolic acidosis.
We excluded patients with all other causes of shock including those attributable to arrhythmias that were not controlled and to drugs (for example opiates). We We used Bonferroni's analysis of variance to compare the differences between survivors and non-survivors and a paired t test to assess the significance of changes brought about by dobutamine. Differences were regarded as significant at p < 0-01. Results were expressed as means (SEM). Table 1 shows the clinical data and survival of the patients. These 28 cardiogenic shock patients were clinically indistinguishable and were all considered to have a grave prognosis before the haemodynamic study. Seventeen died during follow up. All but two of these patients died of progressive cardiac failure while in hospital, within 3 weeks of the diagnosis of shock. The average time between diagnosis of shock and death in hospital was 4 days. One of the two exceptions died at home after 10 weeks ofprogressive heart failure (New York Heart Association class IV throughout). The other was discharged in New York Heart Association class III but was readmitted 4 weeks later and died of intractable ventricular tachycardia. The eleven survivors lived more than a year and were in New York Heart Association class III or better when reviewed at six months and one year after discharge from hospital.
Results
MORTALITY
BASAL HAEMODYNAMIC DATA Table 1 and fig 1 show the baseline haemodynamic data of individual patients. The mean (SEM) left ventricular ejection fraction at basal resting state for the entire group was 22-2 (I 9)%. Table 2 shows the mean basal haemodynamic values for all the patients. The data suggested that ventricular performance was more depressed in those who died, though only the left ventricular stroke work index was significantly different in the two groups. Figure 1A identifies a clear subset of four patients who died, defined by resting cardiac index of < 1-3 l.min-1.m-2. Although patients with a resting cardiac index of between 1-3 and 2-4 l.min-'.min-2 were also at high risk several within this range survived. Similarly, all (11) patients with basal left ventricular stroke work index <0-1 J.m-2 died (fig 1B) , whereas all those with stroke work index >0-16 J.m-2 3A) . Figure 3A shows Haemodynamic evaluation at basal resting state confidently predicted mortality in a group of patients in cardiogenic shock only when the cardiac pump failure was so severe such that resting cardiac index was < 1-3 l.min.m, left ventricular stroke work index was < 0-1 J.m2 (fig 1) , or cardiac power output was < 0 35 W (fig 5) . At peak stimulation, however, haemodynamic assessment of the severity of cardiac dysfunction clearly identified which individual patient was going to die (figs 4 and 5).
One reason why the predictive value of resting basal cardiac performance is less is because the response to cardiac impairment in patients with cardiogenic shock is not uniform. Different combinations of compensatory neurohormonal responses are activated in different individuals-for example, some patients have a higher vagal tone while others have higher sympathetic tone. Another reason for the poorer predictive value of basal haemodynamic evaluation is that when the heart fails, the peak performance is compromised to a greater extent than the basal performance.'2 Cardiac pumping capability assessed by pharmacological stimulation has been shown to correlate with that assessed by physiological stimulation via exercise testing.'3 Thus cardiac reserve as estimated by dobutamine challenge can be taken to represent the functional capacity of the failing heart, and hence subsequent exercise capability'2 and prognosis.9 RESPONSE TO DOBUTAMINE CHALLENGE The dose-response curves for dobutamine (figs 3A and B) highlight two related points. First, at the peak dosages further increases in infusion rate tended not to increase the cardiac power output ( fig 3B) while the cardiac output continued to rise ( fig 3A) . The lack of increase in cardiac power output signified the cardiac pump's inability to respond to inotropic stimulation beyond a certain limit. The continued increase in cardiac output, on the other hand, was due to the systemic vasculature remaining responsive to further vasodilatory effects of dobutamine. Second, the relative positions of the four dose-response curves to dobutamine were dissimilar in the two figures (3A and 3B). The patients represented by filled inverse triangles and open circles in fig 3A  seemed to have similar cardiac index responses to dobutamine stimulation, but when the cardiac power output of these patients were plotted against the dobutamine dosage ( fig 3B) the curves were quite different and were more predictive of the clinical outcome. For these reasons the maximal cardiac response to dobutamine stimulation was determined in our protocol by the peak cardiac power output and not peak cardiac output.
The cardiac index was significantly increased by maximal dobutamine stimulation of the heart (table 2). This increase was not only caused by the significant increase in heart rate but also by the significant increase in stroke volume, which was partly due to the vasodilatation caused by dobutamine, as shown by the decrease in systemic vascular resistance. Because the mean arterial pressure was significantly raised by dobutamine, however, and in the absence of any increase in preload (no rise in pulmonary artery wedge pressure), the increase in stroke volume must have also been the result of the positive inotropic response of the failing hearts to dobutamine. " Hence, dobutamine challenge produced enhanced cardiac systolic performance by using the inotropic and chronotropic reserves. This led to significant increases in left ventricular stroke work index and cardiac power output. Also though the basal cardiac power output was marginally lower among those who died, the percentage increase was smaller in this group than among those who survived (67-6% v 140-4%, p < 001), indicating a considerable difference in cardiac reserve.
PROGNOSTIC INDICATORS IN CARDIOGENIC SHOCK
Clinical evaluation during cardiogenic shock is imprecise and cannot be relied upon to establish the severity of cardiac dysfunction or prognosis. For example, when they were first diagnosed as being in cardiogenic shock the patients were clinically indistinguishable and were all judged to have grave prognosis by the attending physicians. Nevertheless, the use of clinical acumen to make the diagnosis of cardiogenic shock is invaluable. The detection of oliguria or hypotension by cuff manometry has often been the first feature to alert the clinician to the presence of shock. The finding of a higher intra-arterial pressure in the presence of other clinical features of shock does not preclude the diagnosis of shock, especially in previously hypertensive patients.' 015 We therefore thought that to study how this new method of haemodynamic evaluation correlated with prognosis, it was more appropriate to base the diagnosis on clinical criteria than on conventional haemodynamic criteria. This may partly account for the higher survival rate (3900) seen in our study as compared with previous published figures of 0-27%,' though a figure of 38% was reported more recently. '6 There were many studies of prognostic indicators in cardiogenic shock in the early 1970s. The management of cardiogenic shock has evolved substantially over the years. With medical treatment all patients with a cardiac index <2-3 l.mint'.mr2 and pulmonary artery wedge pressure of > 15 mm Hg died in a series reported in 1972,7 whereas several such patients survived in our series (fig 2A) Figures 4A and B show that the response to peak dobutamine stimulation distinguished the survivors from those who died. As pointed out above, a variable representing both the pressure and flow generating capacity of the failing heart, such as left ventricular stroke work index, gave a better separation of the data points of survivors from the non-survivors ( fig  4B) than one measuring flow alone ( fig 4A) . The cardiac index-pulmonary wedge pressure criteria for identifying the groups with a poor prognosis, obtained during maximal dobutamine challenge, can now be defined as a cardiac index of < 3 1 l.mint'.m72 and pulmonary artery wedge pressure of > 17 mm Hg (fig 4A) ; the left ventricular stroke work index-pulmonary wedge pressure criteria are a stroke work index of <0-25 J/m2 and a pulmonary artery wedge pressure of > 17 mm Hg ( fig 4B) .
PEAK CARDIAC POWER OUTPUT AND PROGNOSIS
Although the separation of the survivors from the non-survivors in fig 4B is apparent, it does not explain why the survivors managed to do well despite the fact that the left ventricular stroke work index at peak dobutamine stimulation (mean of 0 35 J/m~2, see table 2) was still significantly below the stroke work index of a healthy comparison group at rest without stimulation (mean of0-52 J/m2).2" One explanation is that the term, peak stroke work index, contains two of the three major components of cardiac reservethat is, preload and contractility, leaving out heart rate. In the face of impaired contractility and maximal use of preload, the heart is highly dependent on its chronotropic competence to maintain adequate circulation. 22 The inclusion of heart rate in stroke work leads to the term cardiac power output, which has been previously described as the entity solely responsible for the maintenance of the circulation.9 Survival was limited when the peak cardiac power output during maximal stimulation fell short of the normal value of the basal unstimulated state.9 Ideally, the normal basal cardiac power output of the individual patient should be compared with the value before the development of heart disease; but this is seldom known. The basal resting cardiac power output of an adult of average size (approximately 1 W) was used instead. 9 The results of this study ( fig 5) accord with the supposition that if the function of the failing heart performing at its maximal capacity (peak cardiac power output) does not exceed that which is normally required during inactivity (cardiac power output of approximately 1 W) then such a heart cannot be expected to sustain life for long. Conversely, when peak cardiac power output exceeds the normal basal cardiac power output, then, despite the peak left ventricular stroke work index being significantly below the normal basal stroke work index, the function of the failing heart would still be compatible with sustained survival. 
